Design of N-acyl homoserine lactonase with high substrate specificity by a rational approach.
N-Acyl homoserine lactone (AHL) is a major quorum-sensing signaling molecule in many bacterial species. Quorum-quenching (QQ) enzymes, which degrade such signaling molecules, have attracted much attention as an approach to controlling and preventing bacterial virulence and pathogenesis. However, naturally occurring QQ enzymes show a broad substrate spectrum, raising the concern of unintentionally attenuating beneficial effects by symbiotic bacteria. Here we report the rational design of acyl homoserine lactonase with high substrate specificity. Through docking analysis, we identified three key residues which play a key role in the substrate preference of the enzyme. The key residues were changed in a way that increases hydrophobic contact with a substrate having a short acyl chain (C4-AHL) while generating steric clashes with that containing a long acyl chain (C12-AHL). The resulting mutants exhibited a significantly shifted preference toward a substrate with a short acyl chain. Molecular dynamics simulations suggested that the mutations affect the behavior of a flexible loop, allowing tighter binding of a substrate with a short acyl chain.